Recrystallization of silver(i) bromide from 2-, 3-, and 4-methylpyridine yields the 1 : 2, 1 : 1, and 1 : 1 adducts respectively ; single-crystal X-ray structure determinations are reported at 295 K for the three complexzs. The silver(i) bromide-bis( 2-methylpyridine) adduct consists of a triclinic unit cell of space group P1 , with a = 9.870(8), b = 9.249(9), c = 9.1 85(8) A, a = 109.67(7), j3 = 11 8.38(5), y = 93.23(7)", and Z = 2, containing one centrosymmetric di-p-bromo-bridged binuclear molecular species, [ ( C6H7N)2-AgBr2Ag(C6H7N)2], in the unit cell. R is 0.067 for 1 082 independent 'observed' reflections. Distances include Ag-Br of 2.735(3) and 2.741 (4) A, and Ag-N of 2.32(2) and 2.35(2) A. For the silver(i) bromide-3-methylpyridine adduct, the unit cell is orthorhombic, space group Pccn, with a = 14.71 8(4), b = 14.407(4), c = 7.301 (2) A, and 2 = 8; R = 0.041 for 850 independent 'observed' reflections. The structure is unique among those hitherto reported for coinage metal(i) halide-base adducts, being an infinite polymeric array of dimeric Ag2Br2(base), units linked face-to-face yielding a 'tube' structure, which like all other (MXL) structures may be considered a derivative of the parent metaI(i) halide lattice. For the silver(i) bromide-4-methylpyridine adduct, a monoclinic P2, / n cell is found, with a = 10.286(5), b = 18.066(9), c = 4.390(3) A, P = 104.31 (5)", and four AgBr(base) units in the cell; R = 0.074 for 61 6 'Observed' reflections. The structure is the familiar 'stair polymer' found in a number of other coinage metal(i) halide-base systems.
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Following the synthetic and structural definition of a wide range of stoicheiometric and structural types for the adducts formed by the crystallization of copper(1) iodide with monodentate nitrogen bases,'e2 we have turned our attention to the silver(1) analogues. For silver (1) halides, crystalline adducts, usually only of 1 : 1 stoicheiometry, are frequently obtained only when the neat base itself is used as solvent. With silver (1) iodide,j many crystalline derivatives suitable for single-crystal X-ray structure determination are obtained easily with a variety of bases. With m~rpholine,~ 2-and 3-methyl~yridine,~ and q~inoline,~ 'stair polymer' structural types have been found, while with piperidine and trieth~lamine,~ the pseudo 'cubane' unit is observed. Adducts with pyridine and 4-methylpyridine have also been obtained but of unsatisfactory crystal quality for structure determination. With silver(1) chloride, crystalline adducts appropriate for X-ray work are obtained only with difficulty and, although adduct formation appears to occur with piperidine, morpholine, and triethylamine, so far only that obtained with quinoline6 has been amenable to single-crystal X-ray study, being found to be the novel 1 : 1 'saddle' polymer. [With silver(1) chloride and 2-and Cmethylpyridine, well formed crystals of silver(1) chloride itself are obtained .]
With silver(1) bromide, adduct formation appears to occur with 2,6-dimethylpyridine and triethylamine, but material suitable for single-crystal study has not so far been obtained. With 2-, 3-, and 4-methylpyridine and quinoline, however, dissolution of silver(1) bromide on warming, followed by recrystallization on cooling with the neat base in all cases yields crystalline material more or less suitable for single-crystal X-ray study. Determination of the unit-cell dimensions and space group of the quinoline adduct strongly suggests it to be isostructural with the 1 : 1 silver(1) chloride-quinoline adduct. For the adducts obtained on recrystallization of 2-, 3-, and 4-methylpyridine (2Me-py, 3 Me-py, and 4Me-py) solutions of silver(1) bromide, single-crystal X-ray structure determinations have been carried out and are reported hereunder, establishing the silver(1) bromide-base ratios to be 1 : 2, 1 : 1, and 1 : 1 respectively. As is customary in handling materials of this type (which do not lend themselves to characterization by conventional methods), single crystals wet with mother-liquor were sealed in capillary tubes. The structure of the 1 : 2 silver bromide-Zmethylpyridine adduct, [(AgBr(2Me-~y)~}~] (1 ), is the only silver(1) halide-pyridine base adduct with that stoicheiometry so far to be structurally characterized. The 1 : 1 adduct with 3-methylpyridine, [(AgBr(3Me-py)},] (2), is of the totally new 'tube polymer' structural type, while that with 4-methylpyridine, [(AgBr-(4Me-py)},] (3), is the first example of a 'stair polymer' type to be reported for a nitrogen base adduct of silver(1) bromide.
Experimental
Crystullogruphy.-For each compound a unique data set was measured within a predetermined 29,,,. limit, set after consideration of the extent of the available data, using a Syntex P21 four-circle diffractometer in conventional 28-8 scan mode. N Independent reflections were obtained, No with I > 30(I) being considered 'observed' and used in the fullmatrix least-squares refinement after solution of the structure by vector methods. Analytical absorption corrections were applied to the data. For the non-hydrogen atoms anisotropic thermal parameters were refined; ( x , y, z, Ui,o)H were included as constrained estimates. Conventional residuals R, R' (on IFI) at convergence are quoted, reflection weights being (7) -0.170 7(13) 0.150 7 (9) -0.358 5(17) 0.074 2 (7) -0.052 8( 16) 0.054 l (7) 0.121 9(16) 0.088 2 (7) 0.169 6 (13) were used;' computation used the X-RAY 76 program system implemented on a Perkin-Elmer 3240 computer by S. R. Hall. Non-hydrogen atom labelling in the ligands is as shown below.
4'
Atomic co-ordinates for complexes (1)-(3) are given in Tables 1-3 ( 20) The irregular nature of the crystal of (1 j precluded absorption correction.
Discussion
[{AgBr(2Me-py)2)2] (I).-The structure determination establishes the stoicheiometry of the complex obtained by the recrystallization of silver(1) bromide from 2-methylpyridine to be that of the 1 : 2 adduct. The asymmetric unit of the structure is one formula unit, but the molecular complexity is that of the dimer di-pL-bromo-bis[bis(2-methylpyridine)-silver(i)], the centroid of the Ag2Br2 unit being a crystallographic inversion centre (Figure 1 ). This structural type is well known for copper(1) complexes, particularly of the iodide; * however, for silver(r), in spite of the frequent occurrence of such stoicheiometries for complexes in solution this remains the first example of this stoicheiometry to be characterized structurally. We note, however, that for the silver thiocyanate pseudohalide, an example of this stoicheiometry has been structurally characterized with quinoline as the base; the complex, however, is a one-dimensional polymer rather than a dimer.
The parameters of the Ag2Br2 molecular core of complex (1) ( Table 4) are remarkably similar to those reported for the copper(1) iodide analogue for which Cu Cu (1) iodide,* Cu Cu is only 2.683(1) A; there is no 2-substituent on the pyridine. Seemingly, in the anomalous CuBr-bis(2-methylpyridine) adduct Cu * Cu is anomalously long because of steric interaction between the ligand substituent and the halide species, an interaction which is diminished in the silver analogue because of the greater silver atom radius, so that in (1) vis-a-vis its copper analogue, we find an increased Br Br distance, while the metal-metal separation remains substantially constant. [This theme will be examined in greater detail elsewhere in a full report of the copper (1) [{AgBr(3Me-py)},] (2).-The structure determination establishes the stoicheiometry of the complex obtained by the recrystallization of silver(1) bromide from 3-methylpyridine to be that of the 1 : 1 adduct; the asymmetric unit of the structure is one formula unit and the overall aggregate a polymer (Figure 2 ). The polymer is of a totally new structural type among the coinage metal(1) halide-lewis base adducts. Table 4 . Ag/Br core geometries for complex (1); distances (A) and angles (") * Table 5 . Ag/Br core geometries for complex (2); distances (A) and angles (") * * Primed atoms are generated by the intradimer inversion centre. Previous polymers and oligomers in these adducts may be understood in terms of subunits of the parent metal-halide (M-X) face-centred cubic (f.c.c.) lattice, appropriate subdivision yielding the pseudo 'cubane' unit, the 'step', the 'stair' and 'split stair' polymers, the 'linked cube', and 'saddle' polymers, with the dimer and monomer as the smallest states of subdivision.' v 2 v 6 In complex (2), the polymer observed may be generated by face-to-face confrontation of an infinite succession of M2X2LZ dimers. Equally, however, it may be considered as an infinite stack of cubes, a 'tube', with alternative longitudinal M-X bonds severed by a puckering of the M2X2 dimeric units. The structure of (2) is depicted in detail in Figure 2 . The basic dimeric unit is generated from the asymmetric unit by the crystallographic two-fold axis which runs down the centre of the tube; within the dimer, the AgzBrz geometry is not dissimilar to that observed in (l), although the AgzBrz unit in the present case is a puckered, rather than a rigorous plane.
Successive dimers are then generated by alternate glide and unit c-translations to give the polymer. The parameters of the 'tube', given in Table 5 , may be compared with those of the parent AgBr lattice (a = 5.78 A),1Z with Ag-Br = 2.89 and Age * * Ag EBr -* * Br 4 4 2 = 4.08 A.
-[ (AgBr(4Me-py))J (3).-The structure determination establishes the stoicheiometry of the complex obtained by the recrystallization of silver(1) bromide from 4methylpyridine to be that of the 1 : 1 adduct; the asymmetric unit of the structure is one formula unit, and the overall aggregate an infinite polymer of the 'stair' variety, a type well known for 1 : 1 silver(1) iodide-nitrogen base adducts.j For the latter, those that are found in the P2,/c,n space groups have short 6 ([{AgI(3Me-py)),l; cf. also [W.WPY)M (X = C1, Br, or I)) rather than short c as in (3); the only hitherto established example of the short c type is the silver iodide-quinoline adduct. As a result, the generator of the 'stair' is a sequence of alternate inversion centres and unit translations, in consequence of which successive AgJ2 units are inequivalent, although centrosymmetric, in contrast to the short 6 type where the generator is the 21 screw and successive AgJ2 units are polarizable o-donating ligands. While structural data supporting this SWgatiOn are not available for simple m o n o n~c l~r , 1 -x, 1 -y, 1 -t ; ii 1 -x, 1 -y, 2.
identical. The parameters (Table 6 ) of the 'stair' configuration of the present example have been comprehensively compared with those of other 'stair' polymers in these complexes e1sewhere.j
The Co-ordination Number in Copper(1) and Silver(r) Complexes.-It has become common in recent years for standard textbooks to suggest that both copper(1) and silver(1) compounds show a pronounced tendency to exhibit linear twofold co-ordination. ds Hybridization effects l 3 are widely invoked as a rationalization of this presumed predisposition. In this series of studies on compounds of copper(1) and silver(1) halides and pseudohalides we note that the overwhelming majority of structures adopt a four-co-ordinate environment for the metal atom and that, for those systems containing polarizable ligands lower co-ordination numbers are achieved usually only in sterically crowded situations. Early electrochemical studies on copper compounds in solution havesuggested that two-co-ordinatespecies are restricted to nonneutral copper systems, in the more stable silver(1) system structures of several such o-bonded two-co-ordinate complexes are a~ailable.'~ Examples of two-co-ordination with polarizable ligands however are restricted to the single sterically crowded complex, bis(trimesitylphosphine)silver(i) hexafluorophosphate. l6
